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rANE^lAcIdVfODEL TO EVALrUA^ VKCERAIrPTirlOTEReEPTION 



This invention relates to an animal model to measure visceral pain by means 
of a balloon catheter and an implantable sensor module having transcutaneous 
telemetring ability. The implantable sensor module according to the invention is set 
up to receive both visceromotor and pseudoaffective responses of the test animal. 
In particular, this invention provides a non-human animal model wherein balloon 
catheter is an implantable balloon catheter, preferably implanted in Xhe duodenum 
of the test animal and the implantable sensor is set up to receive input signals form 
at least one bipolar electrode pair and at least one blood catheter. In particular this 
bipolar electrode is set up to receive visceromotor responses, especially 
electiromyography of the abdominal muscle and the blood catheter set up to register 
mean arterial pressure and heart rate of the abdominal aorta. 

It is thus a furflier object of the present invention to provide a method for 
producing said animal as weU as kits comprising a balloon catheter and an 
implantable sensor module for use in a method for producing said animals. 

TiArJCnROV^ OT? THE INVENTION 

The International Association for the Study of Pain has dfefined pain in the 
following way: 'Tain is an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of such damage (Mertz 
1979)". The problem, however, is that pain cannot be measured directiy in animals, 
but can only be estimated by examining their responses to nociceptive stimuU. Most 
models of nociception are based on behavioral responses to pain, ranging from the 
most elementary motor reflexes to far more integrated behaviors (escape, 
avoidance). A further problem with abdominal pain is tiiat it is characterized by 
poor localization, abdominal cramps (visceromotor response) and autonomic 
(pseudoaffective) responses, including changes in respiration, heart rate (HR) and 
mean arterial pressure (MAP) tiiat are difficult to score in a quantifiable and 
reproducible way. 
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^ThB-aigBsic -writhing-model has-been -used-ffl«5st commorillTto- stiady ■'sasceraT pain 



in animals (Reichert, Daughters et al. 2001). In this model, an algesic solution is 
injected intraperitoneaUy into an awake animal and the number of writhes (stretches of 
the toiso, hyperextension of the hind limbs with concave aiching of the back and 
abdominal contractions) is scored. Due to ethical constraints, repeated assessments in a 
single animal cannot be performed, thereby compounding the difficulty of assessing 
tolerance development to analgesic agents. Furthermore, this model lacks escapability, 
specificity and is not related to human pathology. Mechanical induced stimuU of the 
viscera (distention of hollow viscera) reproduce a natural visceral stimulus, which 
mimics more closely visceral pain in humans, and is found aversive 
(avoidance/writhing behavior) in animals (Gebhart and Ness 1991-J«Tess, Randich et al. 
1991;Ozaki, Bielefeldt et al. 2002). These visceral pain models produce quantifiable 
pseudoaffective reflexes, which include an increase in MAP and HR in the awake 
animal (Danzebrink and Gebhart 1990aDan2ebrink and Gebhart 1991), although these 
are attenuated or even reversed by certain anesthetics (Ness and Gebhart 1988a>iop, 
Riviere et al. 1994;Ness 1999). 

Colbum and colleagues (1989) studied the visceromotor response to volume- 
fixed duodenal distention in conscious, freely moving rats by scoring behavioural 
responses to pain such as shaking, exploring, grooming abdominal region, 
stretching or immobility and by scoring the occurrence of abdominal contractions. 
They demonstrated a graduated relationship between distending volume and the 
frequency of abdominal cramps. Rirthermore, they showed that the visceromotor 
response to duodenal distention was inhibited by morphine in a dose-dependent 
manner. 

In order to have a more quantifiable and reproducible model to study the 
visceromotor response to mechanical distention, several research groups are 
recording abdominal electromyography (EMG). Mostly, electrode wires were 
inserted into the abdominal or neck musculature and were exteriorized on the back 
of the animal from where it could be connected to an ink-writer or computer for 
EMG recording. These studies are done in the conscious restrained (Friedrich and 
Gebhart 2000;Ozaki, Bielefeldt, Sengupta, and Gebhart 20023radesi, Eutamene et 
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-air:2O02rOTTightly onaaTfterfz^^ (NeWE&Wis^t^^ ratrto preveriT- 

damage of the exteriorized part of the balloon catheter and electrode leads due to 
biting and/or to minimalize background EMG noise induced by additional body 
movements (Uke exploration, groonoing). However, in these studies both 
visceromotor and pseudoaffective responses to visceral pain are affected by the 
presence of anesthesia (Ness and Gebhart 1988;Ness 1999) and/or 
(restraint/handling) stress (Coutinho, Plotsky et al. 2002). 

It would accordingly be interesting to have an animal model of abdominal 
nociception to analyze analgesic properties of new pharmaceutical compounds, 
wherein the usefidness of such a visceral pain model is determined by the following 
criteria (Ness and Gebhart 1990;Gebhart and Sengupta 1996): (1) the stimulus 
should reproduce as much as possible a natural stimulus and must produce pain in 
humans, (2) the sthnulus must mduce aveisive animal behavior (escape, 
withdrawal, avoidance), (3) ttie stimulus must evoke pseudoaffective responses 
consistent with, those in humans in response to visceral pain. (4) responses to the 
stimulus must be modulated by antinociceptive- manipulations. (5) the responses 
should be quantifiable and reproducible and (6) tiie. model should be as non- 
invasive as possible and able to be used in anaesthetized animals. 

All of the models described above only partially meet tiiese requirements. It 
is thus an object of tiie preseiit invention to provide a new animal model to staidy 
visceral pain especially characterized in that it can be used for both acute and 
chronic analysis of analgesic properties and that it allows simultaneous and 
continuous measurement of botii tiie visceromotor (abdominal EMGs) and 
pseudoaffective response (MAP and HR) in a conscious, ^ee/y moving animal. 

The present invention solves this problem by using a chronically implanted 
balloon catiieter in tiie duodenum to deliver duodenal distention and a chronically 
implanted ti^smitter connected to a bipolar electrode pair and blood catiieter for 
simultaneous and continuous telemetiic measurements of the visceromotor 
(abdominal EMGs) and pseudoaffective response (MAP and HR) respectively. 
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ARY OF TTTP. TNV^mON 

This invention relates to an animal model to measure visceral pain by means 
of a baUoon catheter and an implantable sensor module having transcutaneous 

5 telemetring abiUty. The implantable sensor is capable to transmit data relevant to 
visceral pain to an apparatus outside the body capable of continuously monitoring 
the user's status and is capable to accept a plurality of input signals either 
simultaneously or sequentially, preferably from bipolar electrode pairs and blood 
catheters. As such, this model provides an adequate tool to measure visceromotor 

10 and pseudoaffective responses to visceral pain continuously and simultaneously in a 
non-human a nim a l . 

Jn a further embodiment this invention provides kits comprising a baUoon 
catheter, an implantable telemetiic sensor module, a bipolar electrode pair and a 
blood catheter, for use in a method to produce an animal model to measure visceral 
15 pain. 

It is thiis a further object of the present invention to provide a method for 
producing an animal model to measure visceral pain comprising; implanting a 
balloon catheter in the duodenum of said animal; and implanting a telemetric sensor 
module in the abdominal cavity of said animal wherein said telemetric sensor 
20 module is set up to receive input signals from at least one bipolar electrode pair and 
at least one blood catheter. 



ppTCP r>F.SCRIPTIO>J <^T? THE DRAWING 

25 Figure 1. Drawing of the intra-gastroduodenal part of the siUcone balloon catheter 
in uninflated and inflated condition. 

Figure 2. Changes in gross activity (counts/min) induced by staircase increases in 
distention volume (ml). During each distention period the behavioural observations are 
30 presented, bas = baseUne and post = post distention period. Data are presented as means 
±SEM. 



Figure 3. Threshold volumes of distention (ml) to induce discomfort behaviour, 
pain behaviour, increase and decrease in baseline EMG signal. Data are presented as 
means ±SEM. 

Figure 4. Individual tracing of a raw, filtered and rectified EMG waveform before, 
during and after staircase distention (0. 1 to 0.6 ml). 

Figure 5. Changes in maximal amplitude of EMG (MAX) and area under curve 
(AUG) as percentage to baseline (= 100%) induced by staircase increases in distention 
volume (ml). Data are presented as means ± SEM. 

Figure 6. Changes in mean arterial pressure (MAP in mm Hg) and heart rate (HR 
in beats/min) induced by staircase increases in distention volume (ml). During each 
distention period the behavioural observations are presented, bas = baseUne and post = 
post distention period Data are presented as means ± SEM. 

Figure 7 Correlation between mean arterial pressure (MAP in mm Hg) and MAX 
(mV) or AUG (mV X sec) during the staircase distention model. 

Figures. ■ Changes in gross activity (counts/min) induced by phasic increases in 
distention volume (ml). During each distention period the behavioural observations are 
presented. bas= baseUiie andint = un-inflated interv^. Data are presaited as means ± 

SEM. 

Figure 9. Individual tracing of a raw, filtered and rectified EMG waveform before, 
during and after phasic distention (0.1, 0.3 and 0.5 ml). 

Figure 10. Changes in maximal amplitude of EMG (MAX) and area under curve 
(AUC) as percentage to baseline (= 100%) induced by phasic increases in distention 
volume (ml). Data are presented as means ± SEM. 

Figure 11. Changes in mean arterial pressure (MAP in mm Hg) and heart rate (HR 
in beats/min) induced by phasic increases in distention volume (ml). During each 
distention period the behavioural observations are presented, bas = baseUne and int = 
un-inflated interval. Data are presented as means ± SEM. 
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IS^e'nr Cooeiation between mean arterial pressure (MAP in mm Hg) and MAX 
(roV) or AUG (mV x sec) during the phasic distention model. 

Figure 13. Changes in maximal ampUtude of EMG (MAX) and area under curve 
(AUG) as percentage to baseUne (= 100%) induced by phasic increases in distention 
volume (ml) after pre-treatment with morphine (0.3. 1.5 and 3 mg/kg). Data are 
presented as means ± SEM. 



This invention relates to an animal model to measure visceral pain by means 
of a balloon catheter and an implantable sensor module having transcutaneous 
telemetring ability. The implantable sensor is capable to transmit data relevant to 
visceral pain to an apparatus outside the body capable of continuously monitoring 
the user's status and is capable to accept a plurality of input signals either 
simultaneously or sequentially, preferably from bipolar electrode pairs and blood 
cathpters. As such, this model provides an adequate tool to measure visceromotor • 
and pseudoaffective responses to visceral pain continuously and simultaneously in a 
non-human animal. Jti particular it relates to a non-human animal model to measure 
visceral pain comprising a balloon catheter and an implantable sensor module 
having transcutaneous telemetring ability. Preferably, a non-human animal wherem 
both the balloon catheter and sensor module are chronically implanted in said 
animal. Preferably, the balloon catheter is implanted in the duodenum and the 
sensor module is connected to a bipolar electrode pair and a blood catheter. 

The balloon catheter used in the present model is an implantable balloon catheter 
characterized in that the balloon catiieter consists of biocompatible material such as 
non-immunogenic polymeric material of poly-para-xylylene. polyethylene, natural or 
synthetic rubber, silicone or other aromatic based moiety having a membrane portion 
with a porosity effective to block passage of immunogenic agents. The balloon catheter 
of the present invention consists of biocompatible tubing (1) closed at one end witii 
elastic material (2). To improve the infaroduction of the balloon catiieter into the animal 



Wording to the"£5ithod of the present invention, the ai^^c mitenal is attiched to the 
biocompatible tubing at a position (3) proximal from the tube end (4). In a further 
improvement to enhance the radial expansion of the elastic material, the elastic material 
is also attached at the end of the biocompatible tubing (5) and said mbing end is rigidly 
sealed (6). To allow balloon inflation in this last configuration, the tubing end distal 
ftom attachment point (3) is foreseen from a number of holes (7). A further 
characteristic of the balloon catheter according to the invention is that it comprises 
fixation means to prevent movement of the catheter due to the peristaltic movement of 
the intestinal tract. Said fixation means are positioned proximal from the tube end to 
allow fixation of the tubing to the stoniach wall of the animal. In a preferred 
embodiment the fixation means consist of two nodes (8). 

The diameter and length of the tobing are determined by the test animal used. As 
in the method according to the invention the implantable balloon catheter is introduced 
in the duodenum of the test animal, tiie length of the tobirig should pennit to reach from 
the duodenum of said animal, via the stomach wall, to the sjodl where it is accessibly 
immobilized. For example in rat tiie length .qf the tubing would be between 15 and 50 
cm, preferably between 20 and 30 cm with an outside diameter from 2 - 2.5 mm. 

The implantable sensor modules with transcutaneous telemetring abiUty that can 

be used in the animal model according to the mvention are known in the art. For 
example, there are pacemakers available which, when implanted and connected to the 
heart, caii monitor electrocardial activity through electrodes attached to the pacemakers. 
The electrodes function as electropotential sensors, and the pacemaker include interface 
circuits which buffer the sensor signals, formats them and transmits then the formatted 
signals by way of a bi-directional radiofrequence (RF) communication link to an 
external communication module. The telemetered signals are monitored and processed 

through the external module. 

Further it is known in the art to provide for enablement of two or more functions 
with implanted telemetric devices allowing the sequential or simultaneous measurement 
of up to eight individual parameters. In the animal model according to the present 
invention the implantable sensor module is capable of accepting a plurality of input 
signals either sequentially or simultaneously. In a preferred embodiment the sensor 
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- -Module coii^ris es at least two inp ut ports and is connected to at leasl oneTjipoTar 
electrode pair and at least one blood catheter. In a more preferred embodiment the 
sensor module is a radiotelemetric device connected to a bipolar electrode pair for 
electromyography measurement of the abdominal muscle and connected to a blood 
5 catheter set up to register mean arterial pressure and heart rate of the abdominal aorta 
through the femoral artery. It will be readibly appreciated by the skilled person that the 
implantable sensor module as used herein requires an external module to detect and 
demodulate the output signal of the sensor module into an output signal suitable for 
driving an output graphics device. For example a recorder for recording the variations 
0 in ampUtude of a current over time. 

It is thus an object of the present invention to provide a system for measuring 
visceral pain comprising; a balloon catheter, an implantable sensor having 
transcutaneous telemetring abiUty. and an external module capable to monitor and 
process the telemetered signals. A system wherein the balloon catheter is hnplanted 
L5 in.the duodenum of a test animal and wherein die implantable sensor module is set 
up td receive both visceromotor (EMG) and pseudoaffective (MAP. HR) responses 
of the test animal. In a particular embodiment the system comprises a 
radiotelemetric device connected to a bipolar electrode pair for electromyography 
measurement of the abdominal muscle and connected to a blood catheter set up to- 
20 register mean arterial pressure and heart rate of the abdominal aorta through the 
femoral artery. 

In a further embodiment this invention provides kits comprising a balloon 
catheter, an implantable telemetric sensor module, a bipolar electrode pair and a 
blood catheter, for use in a method to produce an animal model to measure visceral 
25 pain. 

It is tiius a further object of the present invention to provide a method for 
producing an animal model to measure visceral pain comprising; implanting a 
balloon catheter in tiie duodenum of said animal; and implanting a telemetric sensor 
module in die abdominal cavity of said animal wherein said telemetric sensor 
30 module is set up to receive input signals form at least one bipolar electirode pair and 
at least one blood catheter. A process for producing an animal model according to 
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- - " the inventioT^J^lS-the baUoon catheter li fixated to theTtomach wall of the test 
animal using the fixation means (8) of the implantable balloon catheter. A process 
for producing an animal model according to the invention wherein the 
biocompatible tubing (1) of the implantable balloon catheter is guided to the skull 
5 of the test animal, preferably subcutaneously, where it is accessibly inomobiUzed. 
In a prefened embodiment the tubing end is fixed to a syringe connecter, preferably 
a connecter with a 90 ' loop which are commercially available. The syringe 
connecter is fixated to the skuU of the test animal, for example using dental cement. 
A process for producing an animal model according to the invention wherein the 

10 electrodes of the bipolar electrode pair is sutured into &e abdominal muscle for 
EMG measurements. A process for producing an animal model according to the 
invention wherein the blood catheter is tumieled into the abdominal aorta, 
preferably through the femoral artery. 

This invention will be better understood by reference to the Experimental Details 
that follow, but those skiUed in the art Will readily appreciate that these are only 
illustrative of the invention as described more folly in the claims that follow thereafter. 
Additionany. throughout this application, various publications are cited. IHe disclosure of 
• these pubUcations is hereby incorporated by reference into this appUcation to describe 
20 more fuUy the state of the art to which this invention pertains . 
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T7YPT7.T?TMENTAL 
MATERIAL AND METHODS 
Animals 

Naive male albino Wistar rats (WU; Harlan. The Netherlands) weighing 280-300 g at 
the beginning of llie experiments, were used. Rats were housed individually in a 
Macrolon individual ventilated cage (25 x 40 x 22 cm) containing a layer of wood 
shavings under conditions of constant ambient temperature (21 ± rC). constant 
humidity (60 ± 15%) and light/dark rhythm (with Kghts on from 7 a.m. to 7 p.m.). After 
surgery, the animals were housed individually under presurgical conditions. Food 
(complete laboratory chow) and water were accessible ad libitum throughout Ihe 
experiment. 

Surgery ^ , , 

Rats were equipped vdth a balloon caflieter in Ifae duodenum to induce duodenal 
distention and a telemetric transmitter to study abdominal electromyography (EMGs). 
xnean arterial pressure (MAP), heart rate (HR) and body activity. Operations were 
perfoimed under fentanyl/fluani'sone anesthesia (Hypnorri®, Janssen Pharmaceutica, 
Beerse. Belgium; 0.1 ml/100 g body weight (BW). intramuscularly) and Midazolam 
hydrochloride (Doimicum®. Hof&nan-LaRoche, Mijdrecht, The Netherlands; 0.05 ml. 
intraperitoneally (ip)) as a muscle relaxant. Before the muscle relaxant was injected, the 
analgesic effect of fentanyl anesthesia was tested in the rat by checking for the absence 
of its pedal and cornea reflexes. Total absence of the pain response normally appeared 
after 10 min and then the muscle relaxant was injected. Surgery was performed in a 
sterile laminar flow cabinet to minimize risk of infection. A smaU longitudinal incision 
was made on the Unea alba at the anterior of the abdomen. A self-made siUcone balloon 
catheter (i.d. 1.02 mm/ o.d. 2 mm) was chronically implanted into the duodenum 
according to the procedure described by Colbum et al. (1989). with some modifications 
(see figure 1). A small incision (3 mm) was made in the stomach wall for insertion of 
the catheter, which in turn was guided into the duodenum until the small node on the 
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-b-a oo. catheter has just c.m«a Wst6m^h wa:TTi5r-Bie stomach wall was sumrea 
aghdy betwcea .he two nodes to fixate the catheter. The other end of the balloon 
cadieter was tonneled suhcntat^ously to the sMl. where it was fixed to a connector 
(Bilaney. Dusseldorf, Germany) with a 90 " loop. There it was fixated to the skull with 
dental cement <Pentim« BV, Zeist. The etheriands). A telemetry transmitter 
CII,llM2-C50-PXr. Data Sciences Intemattonal, St. Paul, USA), consisting of a 
bipolar electrode pair and blood catheter, was chronically implanted into the abdominal 
cavity of the rat. The non-insulMed tips (helix of stainless steel wire; 0 0.45 mm. 8 
^) of the electrodes wete sutured in parallel (5 mm inter^lectrode space) into the 
abdominal muscle for EMG measurements, whereas the blood catheter was tumped 
toough the femoral artery «. the abdominal aorta to tegister MAP and HR. 
P„s«,peraavely the animals received 0.1 mg*g of the long-acting opiate analgesic 
Bupr^orfine hydrochloride CTemgeaic*. Reddtt & Colman, Kingston-upon-IMl, 
UK; 0.1 ml, subcutaneously). 

S^fw^^cally equipped with a duodenal baUoon catheter and telemetric 
«««mitter and were allowed to recover ftom surgery for 12 days. During the recovery 
period fte animals were handled every day for weighing and habituation purposes. Rats 
„«e accustomed to experimental procedures (twice bef<«e &e experiment). Durmg U.e 
experiment BMO, body activity, MAP and HR were simultaneously and contmuously 
corded before (baseUne). during and after (post) duodenal distention. Baseline values 
were recorded for 30 sec. Suteequently. rats leceived a volume-fixed duodenal 
distention protocol of 300 (staircase n=7) or 690 (phasic n=7) sec (see below). 
Afterwards, post recordings were perfom.ed for another 120 (staircase) or 300 (phasic) 



To validate our model, an additional experiment was performed with a new group of 
rats. Thirty min prior to phasic duodenal distention, rats were ip injected with morphme 
(0.3 (n=8), 1.5 (n=7) or 3 (n=8) mg/kg body weight) or saline (n=8). 
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Air ^eriments were per^ ecf in the home ca^-aSnng the ngnt pnase of the 

circadian cycle between 8 a^. and 12 p.m. After the experiment, all rats were kiUed by 
an overdose (0.5 ml) of pentobarbital (Nembutal^. Sanofi, Belgium; 60 mg/ml, ip), 
dissected and macroscopicaUy inspected for infections. In none of the animals any signs 

5 of infection were found. 
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Wfi^eS^or to baseline recordings, the skull connector of the balloon catheter 
was attached to a fluid-filled long-line (1 m; polyethylene tubing. Becton Dickinson. 
UK) with a syringe, so that variable volume-fixed distentions could be deUvered firom 
outside the home cage without restraining the rat. During this habituation period, rats 
remained to sleep, so that stress-ficee baseline recordings were started. Two protocols 
were used: 1) staircase dist^^ntion: the balloon was inflated with increasing volumes of 
0.1 ml (each 30 sec), starting from 0.1 to 0.6 ml; 2) phasic distention: inflation of 0.1, 
0.3 and 0.5 ml for 30 sec with resting un-inflated intervds of 5 min. 



Behavioral measurements 

. During the experiment, the behavioral response to duodenal distention in.-tha home cage 
20 was scored by the experimentator. Following behavioral scores were used: sleep, wake 
up alert, shake, explore, groom abdominal region, abdominal contractions, stretching 
behavior (stretches of the torso and hyperextension of the hmd limbs with concave 
arching of the back) and immobiUty. In the staircase model, the threshold (distention 
volume (ml)) inducing discomfort (shake, explore) and/or pain (groom abdominal 
25 region, stretching and immobiUty) behavior was determined. 

Telemetric measurements 

Body activity was telemetrically measured by detecting changes in signal strength of the 
transmitter that occurred as the animal moved about its cage. EMGs, body activity, 
30 MAP and HR were registered by the data acquisition program ART 2.2 (Data Sciences 
International, St. Paul. USA). Raw EMG activity was continuously collected as a 
waveform (It a frequency of 1000 Hz), was low cut filtered at 50 Hz to eUminate 
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-^ ment interferenc riird- fuliy rectified' by" Spike2, version (Cambridge 
Hectronic Design, Cambridge. UK). From the rectified EMG. area under the curve 
(AUC; mV x sec) and maximal value (EMG^; mV) were analyzed, in the staircase 
model', the threshold (distention volume (ml)) inducing an increase or decrease in 
baseline EMG ampUtude was determined. 



S^tion thresholds (ml), EMG data (% to baseline), gross activity (comits/min), MAP 
(mmHg) and HR (beats/min) are presented as means ± SEM. Cardiovascular data of each 
single rat are averaged to 1 pomt per baseUne and distention period, before statistical 
analysis is performedby one-v.ay Analysis of Variance (ANOVA) and post-hoc Smdent's 
t-test. For the morphine experiment, a two-factor multiple ANOVA (MANOVA) with 
repeated measured was used. P values of < 0.05 were considered significant, 
m the phasic , distention protocol, one rat was excluded for statistical analysis on 
cardiovascular data due to bad signaling. 
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RESULTS AND DISCUSSION 
Staircase model 

pp-Viavioral Visceromotor response 

Staircase distention of the duodenum produced "discomfort" behavior (shaking, 
exploring) starting at a volume of 0.2 ml. At higher volumes (0.4 to 0.6 ml) rats showed 
'«pain" behavior (grooming abdominal region, stretching, immobiUty) additionally 
(figure 2 and 3). Abdominal contractions are shown before the occurrence of pain- 
related behavior. Figure 4 shows an example of an individual tracing of the raw, filtered 
an rectified EMG signal before (basal), during (0.1 to 0.6 ml) and after (post) staircase 
distention. "Active" behavior (shaking, exploring, grooming, abdominal cramps) was 
accompanied by a significant increase in EMG ampUtude. whereas stretching behavior 
during higher distention volumes (0.4 to 0.6 ml) was reflected in a decrease of tiie 
baseline EMG signal (figure 3 and 4). 

Staircase distention produced a volume-dependent increase in EMG„«x and AUG (figure 
5). One-way ANOVA on EMGxnax CF(6. 48)=2.9, p < 0.05) arid AUG (F(6. 48)=3.1. p < 
0 05) showed significance and post-hoc analysis revealed a significant increase in AUG 
and EMG^ as compared to baseline at 0.2 (p<0.05), 03 (p<0.05), 0.4 (p<0.05). 0.5 (p 
< 0.005) and 0.6 (p < 0.005) ml distention volume. 



r.ardiovaP ^"1ay response 

Staircase distention of the duodenum produced a volume-dependent increase in MAP 
(figure 6A). One-way ANOVA on MAP showed significance (F(6, 48)=:22.6, p 
<0.0001) and post-hoc analysis revealed a significant increase in MAP as compared to 
baseline at 0.3 (p < 0.005), 0.4 (p < 0.0001). 0.5 (p < 0.0001) and 0.6 (p < 0.0001) ml 
distention volume. 

Staircase distention of the duodenum produced a volume-dependent increase in HR 
(figure 6B). One-way ANOVA on HR showed significance (F(6. 48)=3.9, p <0.005) 
and post-hoc analysis revealed a significant increase in HR as compared to baseline at 
0.3 (p < 0.05). 0.4 (p < 0.01), 0.5 (p < 0.005) and 0.6 (p < 0.01) ml distention volume. 



• 
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j^^T^^.]^^^ .»o^^mntnr - psRiidoaffective response 

Figure 7 shows the positive correlation between mean MAP and EMG„«x CMAP=63 
EMG^a, + 109, r = 0.9) or AUG (MAP=143 AUG + 87. r = 0.8) during staircase 
distention. Mean MAP also showed a positive correlation witii HR (HR=1.2 MAP + 
242, r = 0.9) and mean HR showed a positive correlation witii EMGmax (HR=75 
EMG^x + 375. r = 0.8) and AUG (HR=185 AUG 4- 343, r = 0.8); data not shown. 



10 Phasic model 

p^Uo,n»ra1 aild ViSC^rnmotor TeSPOUSe 

Phasic distention of the duodenum produced "discomfort" and "pain" behavior at a 
# volume of 0.3 and 0.5 ml (figure 8). Stretching behavior was less reflected m .a 
15 reduction of the basal EMG ampHtude (see figure 9) as shown in the staircase protocol. 
Phasic distention produced a volume^dependent increase in EMGn^ and AUG (figure 
10).- One-way ANOVA on EMG„^ (F(3, 27)=4.4, p < 0.05) and AUG (F(3, 27)=3.8, p 
< 0 05) showed significance and post-hoc analysis revealed a significant increase in 
AtJGandEMGn^ as compared-fo- baseline at 0.3 (p<0.05) arid^ 0.5 (p < 0.01) ml 

20 distention volume. 

f-arrlinvascu lar response 

Phasic distention of the duodenum produced a volume-dependent increase in MAP 
(figure UA). One-way ANOVA on MAP showed significance (F(3, 23)=11.8, p 
25 <0.0001) and post-hoc analysis revealed a significant increase in MAP as compared to 
baselme at 0.5 (p < 0.005) ml distention volume. 

Phasic distention produced a volume-dependent increase in HR (figure IIB). One-way 
ANOVA on HR showed significance (F(3, 23)=5.8, p <0.005) and post-hoc analysis 
revealed a significant increase in HR as compared to baseline at 0.3 (p<0.005) and 0.5 
30 (p < 0.05) ml distention volume. 
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p^i^rinnship yjc^^mmntor - psp.ndoafFective response 

Figure 12 shows the positive correlation between mean MAP and EMG^ (MAP=26 
EMG„«x + 101, r = 0.8) or AUG (MAP=64 AUG + 90, r = 0.8) during phasic distention. 
Mean MAP also showed a positive correlation with HR (HR=1.5 MAP + 204, r = 0.7) 
and mean HR showed a positive correlation with EMG„«x (HR=67 EMG«« + 347, r = 
0.98) and AUG (HR=152 AUG + 321. r = 0.95); data not shown. 
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10 Morphine experiment 

Pre-tceatment with morphine inhibited distention-induced pain behavior (stretching 
behavior, grooming abdominal region, immobiUty; p<0.0001, data not shown). 
Morphine treatment dose-dependently reduced the distention-induced increase in 
, EMG„^ and inhibited the .Kstention-induced increase in AUG (figure 13). MANOVA 
revealed a significant treatment effect on EMGn«x. (F(3.27)=4.8. p < 0.01) and AUG 
(F(3,27)=4.3, p < 0.05), significant distention- effect on EMGnax F(2,26)=14.9,. p. < 
00001) and AUG (F(2.26)=10.8, p < 0.0005) and significant distention x treatment 
interaction on EMG^ax (F(6.52)=3.0, p < 0.05) and AUG (F(6,52)=2.8, p < 0.05). Post- 
-hoc MANOVA showed a significant decrease of the EMG„,ax by morphine treatment at 
doses of 0.3, 1.5 and 3 mg/kg (p<0.05). Post-hoc MANOVA showed a significant 
decrease of the AUG by morphine treatment at doses of 1.5 and 3 mg/kg (p<0.05) and a 
tendency in AUG reduction by 0.3 mg/kg morphine treatment (p = 0.07). 
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25 Conclusion 

The present data show that radiotelemetry is an adequate tool to measure visceromotor 
and cardiovascular responses to visceral pain continuously and simultaneously in the 
conscious and freely moving rat, without additional handling-related or restraint stress. 
Duodenal distention induced "discomfort" and "pain" behavior and a volume- 
30 dependent visceromotor and cardiovascular response in the rat. 

The staircase distention model is suitable for studying the threshold of aversive 
behavioral (grooming abdominal region, stretching), visceromotor (abdominal 
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7ontractions.to ease in EMG ar^^pUtSd^AUC) and pseudoaffective (MAP and 
HR) responses to duodenal distention. Hie cardiovascular and visceromotor responses 
to duodenal distention are both useful measures of visceral nociception and abolition of 
both responses by a drug is predictive of antinociceptive efficacy. Both the staircase and 
phasic distention models are suitable for studying the potency of new pharmacological 
compounds on reversing visceral nociception. 



• 
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WTTAT TS Cf -ATMED IS: 

1 An animal model for measuring visceral pain comprising a balloon catheter and 
an implantable sensor module having transcutaneous telemetring ability. 

2. An animal model according to claim 1 wherein the balloon catheter is an 
implantable balloon catheter. 

3. An animal according to claim 2 wherein the implantable balloon cathether 
comprises fixation means preferably consisting of two nodes to fixate the 
catheter. 

4. An animal according to claim 2 wherein the balloon catheter is implanted into 
the duodenum. 

5. An animal according to any of the preceding claims, whemn the implantable 
sensor module is capable of accepting a plurality of input signals. 



6. 



8. 



An animal according to claim 5 wherein the implantable sensor module is set up 
to receive both visceromotor and pseudoaffective responses of the test animal. 

An animal according to claim 5 wherein the implantable sensor comprises at 
least two input ports. 

An animal according to claim 5 wherein the implantable sensor is connected to a 
bipolar electrode pair and a blood catheter. 



9. A system for measuring visceral pain comprising: 
a balloon catheter; 

an implantable sensor module having transcutaneous telemetring ability; and 
an external module capable to monitor and process the telemetered signals. 
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A system according to claim 9 wherein the balloon catheter is implanted in flxe 
duodenum of the test animal; and wherein the implantable sensor module is set 
up to receive both visceromotor and pseudoaffective responses of the test 
animal. 



A kit for generating an animal according to claim 1 comprising a balloon 
catheter; an implantable sensor module having transcutaneous telemetring 
abiUty; a bipolar electrode pair; and a blood catheter. 



PRD2004 
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ABSTRACT 

ANIMAL MODEL TO EVALUATE VISCERAL PAIN PERCEPTION 



This invention relates to an animal model to measure visceral pain by means 
of a balloon catheter and an implantable sensor module having transcutaneous 
telemetring ability. The implantable sensor module according to the invention is 
set up to receive both visceromotor and pseudoaffective responses of the test 
animal. In particular, this invention provides a non-human animal model wherein 
balloon catheter is an implantable baUoon catheter, preferably implanted in the 
duodenum of the test animal and the implantable sensor is set up to receive input 
signals form at least one bipolar electrode pair and at least one blood catheter. 

It is thus a further object of the present invention to provide a method for 
producing said animal as well as kits comprising a balloon catheter and an 
implantable sensor module for use in a method for producing said animals. 
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Fig. IIA 
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Fig. 12A 
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Fig. 13A 
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